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ABSTRACT 

We investigate properties of the hadron jets produced in 

deeply inelastic antineutrino-nucleon charged current inter- 

actions in the Fermilab E-foot bubble chamber. Our detailed 

analysis of the jet net charge provides evidence for the ~ 

quark origin of the hadron jets. The factorization hypothesis 

for the inc:usive one-particle cross sectix is found to be 

valid. 
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I. INTRCiDUCTION 

Quark fragmentatim is believed to be the origin of 

hadron jets observed in deeply inelastic leptcn-nucleon scat- 

tering', e'e--annihilation', and large transverse momentum 

hadron-hadron collisions'. 

In parton models the parton struck by the current in 

lepto-pfoduction or produced in e&e--annihilation is thought 

to ckwert into the final state hadrons having inclusive spectra 

which are independent of the initial state and which are deter- 

mined only by the quark flavour and by the ‘ladron fractional 

energy. Two characteristic features of hadron fragmentation in 

particle production in hadron-hadron interactions at high 

energy are the existence of a flat plateau in rapidity and the 

retention of hadron quantum numbers, on the average, in the 

hadron fragmentation region. Berman, Bjorken and Roget have 

argued that parton fragmentation should also develop a plateau' 

and Feynman has suggested that the quantum numbers of the quark- 

parton are also retained, on the average, in the quark frag- 

lnentation region’. 

Properties of the jets are, at present energies, well 

described by the parametrization of Field and Feynman who ase- 

a simple momentum sharing in the quark fragmentation process, 

the sine of su(31 symmetry violation, and the spin nature and 

the limited transverse momentum of the primary mesons.‘ Many 

of the experimental tests have been, however, insensitive to 
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the basic hypothesis that quark fragmentation is the origin of 

the observed hadrons.' 

It is the purpose of this study to find evidence fcr the 

quark origin of the hadron jets in deeply inelastic lepto- 

production. In this paper we will particularly concentrate on 

the net charge and factorization properties of the inclusive 

particle spectra of the hadrons produced in antineutrlno- 

nucleon charged current interactions. In two forthcoming 

papers, we will extend our analysis to inclusive single-particle 

distributiws, particle ratios and multiplicities in the jets, 

and the transverse structure of the antineutrino charged currant 

induzed j&o. 

II. EXPERIMENTAL DETAILS 

The experimenta?. analysis is baaed o" events photographed 

in the Femilab 15-f-t bubble chamber filled tiith a neon- 

hydrogen mixture (64% atomic neon) exposed in a first run to .a 

double horn focused ride-band ?."tineutrino w' ard in e 6%x& ?=im to 

a bare target sign selected antineutrino bean'. In the first 

mm en absorptive plug suppressed the neutrino flux. The 

noutrino component in our antineutrino event sample is &out 

15%, averaged over the entineutrino energy spectrum for antl- 

neutrino energy EC>10 GeV. 

k G,,N charged current interaction produces hadrons and a 

positively charged muo" which balances the total transverse 
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momentum of the hadrons. The muon is identified by the 

External Muon Identifier'" Supplemented by a large trilnSVerSe 

moientum procedure (BIGPT). '?l:e EM'S efficiency is the pro- 

duct of a geometric acceptaxe and en instrumental efficiency 

which is approximately flat as a function of muon momertunt 

p,, for p,,,lO GeV/c. The DIGFT muon identification procedure 

identifies the muon candidate b] testing the transverse 

momentum of the candidate lFti with r-espect to the direction of 

the visible inorcentw of the observed hadrons as indicated in 

Fig. 1. Using events containing MI identiftimons w? derngzate in 

Fig. 1 that charged hadrons have pt well below 1.6 GeV/c but the 

muons generally have much larger pt. This end similar studies 

suggested the following algorithm: when the charged track 

with the largest pt in the event is found, it is selected as 

e muon if it has either (1) pt>1.6 GeV/c or (2) p,,>l GeV/c 

and angle relative to the beam direction greater than 0.2 

radians. Our studies show that the BIGPT selected muon sample 

contains less, then 2% hadron contamination. As can be seen 

from Figure 2, BIGPT is significantly more efficient than the 

EMI when p,>lO G&/c, bst low momentum muons (p,,<lO GeV/c) are 

more efficiently identified by EM." The two identification 

methods ere complementary; the overall u+ip-) identification 

efficiency is 92% (87%) independent of muon production angle 

for muons having p,,>4 G&/c. 

Charged hadron tracks not giving a unique mass fit in a 

geometry program were treated as pions. Special attention was 

given to the determination of the charge and momentum of the 
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hadron tracks which were difficult to mcasare accurately. 

Hadrons which interacted of decayed in too short a distance in 

the bubble chamber to allow an adequate nome"tum estimate or 

charge determination were analyzed separately. For these 

tracks the momentum and charge were estimated from the tracks 

emerging from the secondary interaction or decay. If the 

relative error in this estimated momentum. A&p, exceeded 40%. 

the whole event was rejected (8% of the total sample of events). 

As a" alternative procedure, all tracks having relatively large 

Ap/p were rejected (7t of all tracks), and momentum dependent 

weights were assigned to all tracks to account for the close- 

in interaction3. The ayerage weight used in this procedure 

was 1.09. Resulting inclusive spectra from the two procedures 

vere found to be in a good agreement. 

Scanning efficiencies, ranging from G5% for two-pronged 

events to 99% for six- and higher-pronged events, were accounted 

for by assigning multiplicity depe"dent weights to all events. 

The antineutrino (neutrino) energy spectrum peaks at 1E 

GeV (26 GeV) and extends up to 200 GeV (Fig. 3). 0" the 

average 17% of the hsdronic e.?ergy escapes detectioa in the 

bubble chamber. The analysis was performed using several energy 

correction procedures. for example, event-by-event methods!""', 

and an average energy correction method". The physfcs re- 

sults presented here were found to be'insensitive to the 

method employed end are actually based on the method of Ref. 13. 

Energy smearing in inclusive distributions is taken into 

eCCou"t by evaluating energy de-smearing functions for each 
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inclusive spectrum from a Monte Carlo prclgram' which was suit- 

ably modified to meet our experimental conditions. In this 

Monte Carlo model the hadronic final states ere generated, for 

a given hadronic center-of-mass energy (W), according to longi- 

tudinal phase space for produced mesons plus an approximately 

flat center-c.f-mass distribution in F'eynman-x (x,) for the 

recoiling nucleon in the interval -0.95<xF<O. The Wonte Carlo 

events are,ccnstrained to conserve energy, charge and momentnm. 

but there are no particle-particle correlations built in. The 

numbers of negatively charged pions produced are constrained to 

follow the parametrization <n-> = -0.25 + 0.76 1nW' evaluated 

for OUT data. 

Finally, the antineutrino (neutrieo) event sample was 

required,to have (a) a positively (negatively) charged muon with 

momentum greater than 4 GeV/c and (b) a total momentum along the 

antineutrino (neutrino) direction larger than 7.5 GeV/c. The 

charged current antineutrino [neutr~inol event sample passing 

these selection criteria consists of 7200 (11001 unweighted 

events. 

III. JET DEFINITION 

There are several ways to define the current jet. Based 

on the limited trensver$e momentum of the secondary hadrcns 

relative to the current direction one can deEine a cylinder 

which contains most of the current jet or one can choose an 
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angular cone relative to the current direction to include the 

hadrons belonging to the current jet. Hka*ver for our inclusive 

analysis we will base our selection of the current jet on the 

rapidity distribution of the net charge of the final state had- 

rcns as seen in the hadronic center-pf-mass system. 

Detailed consideration of the rapidity distributions of 

the hadrons resulting from the deeply inelastic interactions 

is given by Bjorken", he separates the following distinct 

repidity regions (Fig. 0: 

(1) Particles moving rapidly forward in the current 

direction in the hadton center-of-mass system 

arise from the fragmentation of a quark which the 

current has knocked out of the target nucleon 

[Region V in Fig. 4). 

(2) Particles moving to the opposite, backward, 

direction relative to the current direction in 

the hadron center-of-mass system lie in the tbr- 

get fragmentation region and arise from the 

*hadronization' of the pactons which remained 

after the collision (Region 1). 

(3) Particlea moving slowly with respect to the 

center-of-mass lie in the c&ral region (target 

plateau, Region II, and current plateau. Region 

IV). Their distribution is flat in rapidity. 
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The central region also contains the region of 

phase space formerly occupied by the struck quark 

before it we3 removed (the hole fragmentation 

region, Region III). 

The rapidity distributions of charged hadrons produced in 

the antineutrino-nucleon charged current interactions in this 

experiment are shown in Fig. 5 in three different center-of- 

mass energy intervals. The rapidity in the center-of-mess sys- 

tem is y* - 1/2ln((E*+p~J/(E'-pl)J, where E* is the hedron 

center-of-mass energy and pi the hadron center-of-mass momentum 

along the current direction. The length of the total rapidity 

interval is proportional to lnW2, while the ,length of the current 

fragmentation region is proportional to I"(-q'), where -q2 is the 

current mass squared. Hence, one should select relatively large 

values of N to ensure adequate separation of the target end 

current ~fragments. It is conjectured that the hole fragmenta- 

tion region should be observed only et very smell Bjorken-x 

values" (xR = -q'/ZHv, where M is the nucleon mass end v the 

current energy), xa=10q3. No structure which could be attri- 

buted to the hole fragmentation region in the rapidity 

distribution of charged hadrons produced in our sample of 

antineutrino-nucleon charged current interactions is observed 

in the xl,-range accessible t3 this experiment (xB>O.OIJ. 

The net charge distribution of the hadrons, 

U/NevJd(N+-N-J/dye, 
t 

where Nev end N- are the numbers of events 

end charged trecks, respectively, can be used to show that in 
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the hadron center-of-mass system the current jet is most 

readily separated." AS vsriatles for the inclusive 

distributions, we use either the center-of-mass rapidity y*, 

or the fractional energy in the laboratory system (2 = Eb/V, 

where Eh is the hadron energy). To define the current jet, we 

transform the hadron four vectors into the hadronic center-of- 

mass system and require that the center-bf-mass rapidity of 

each hadron is positive, i.e., y'>O. 

The following phenomena affect the jet definition (a) the 

intrinsic transverse momentum of the initial quark, which con- 

tributes to the overlap between the target and current frag- 

ments in the region -0.2CxFc+O.2 (Ref. '16). where xF=2p>'U, 

(b) target mass effects, which can be neglected for the 

selection -q2>1 GeV2/c2 (Rsf. 16). and (cl the enorgy recon- 

struction procedure, which results in a 2-15% smearing correc- 

tion, dewnding on xF, in ?he inclusive spectra oE the final 

state hadrons. 

The antineutrino [neutrino) charged current induced jets 

are predicted to be dominantly d-quark (u-quark.) jets, but some 

mixture of a-quark jets from the Cabibbo-suppressed transition 

u+s and G-quark (z-quark) jets frm the interactions off sea- 

quarks in the target nucleon, 8-G (G-2) is expected. The 

relative amount of s-quark jets is proportional to tan2eC=0.04. 

where eC is the Cabibbo angle. Out s&a-quark density distri- 

bution IS shown in Fig. 6. At xg s 0.05 there is about 70% 

probability of having an G-quark (&quark) jet, but above 

s = 0.1 this contribution is only 6%. In the following we 
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shall select xh>O.l to investigate the predictions for the 

d-qcark(u-quark1 jets. 

IV. JET NET CHARGE 

In the quark-partnn picture of quark fragmentation, 

quantum numbers of the fragmenting quark are retained, on the 

average. in the quark jet. Any selection for the current frag- 

ments (y*>yo) must be made, however, to the final state hadrons 

observed in the bubble chamber and not to the individual quarks 

as required by the hypothesis of exact retention of the quark 

quantum numbers. A selection y*>yo canbel5ade~a”yoenter-Jf-5 

rapidity y,Z.Or we choose y,=O. Figure 7 illustrates the ex- 

perimental selection procedure of the current fragments. The 

selection procedure y*>yo necessarily *cuts"soer of the quark- 

antiquark lines and leaves szrm of the quarksout of the 

selected region. Thus, a "leakage" of one quark results if a 

meson (qi-pair) is produced with a rapidity below the selection 

**>yp In the case of baryon production (qqql the selection 

procedure "cuts" two quark-antiquark lines and ~a "leakage" of 

a combination of two quarks results" (Fig. 71. Although this 

idea of quark quanttns nmber retention - module the "leakage", 

factor - is not a characteristic of all theoretical models, 

it has beenshown that the space-time structure of the frag- 

mentation process selects the models containing the quantum 

number retention." 
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Let eu* pd and ps ba the probabilities of finding a quark 

with flavor u, d or a inthe quark jet cascade. Neglecting 

other quark flavors, probability conservation gives pu+pd+ps=l. 

Isospin symmetry requires pu=pd=p and thus 2p+ps=l. The mean 

of any additive quantum number of the hadrons in the current 

jet (<N>) can then be expressed as a sum of the original quark 

quantum number (Nq) and the leakage term (LN) which corresponds 

to one average quark or an average of all the relevant two- 

quark combinations, i.e., CNs = Nq - LN, where LN = 

@QPiNi + (l-01 ~ijri~jNij la is the relative asmount of mesons 

at the selection y*=yol. The baryons contribute qq-pairs to 

the leakage only when they are produced at y*=yo. .A proton 

contamination of (15+3)9 .(Section 5) exists in our 'sample of 

positively charged mesons. We have estimated that this con- 

tamination (l-a=O.lS) could produce about 5) maximum decrease 

of the leakage term LN if all the unidentified protons were 

produced at y*=yo. In the'folloving, we shall neglect the 

baryon rerm in the definition of LN and simply take LN = IipiNi 

(i.e., we take l-(1=01. We then get, for example, for the 

isopin <Ia> - I 
4 

- LI = Iql for strangeness <S> = sq-LS - Ds 

for the u- and d-quark jets, and <S - -(l-ps) for the s-quark 

jets; for baryon number <B> 0 Bq-LS = l/3 - (1/3)Cipi - Or and 

for the jet net charge <Q> = Qq - Lq - Qq-pQ,-pod-psQs - l-p 

for the u-quark jets, and <p> = -p for the d- and,s-quark jets. 

Rapidity distributions of the net charge of the hadrons 

produced in antlneutrino-nucleon charged current interactions 
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are shown in Fig. 8 for three different W-intervals., Separation 

of the current jet is observed as the decreasing net charge in 

the central region. At finite energies, however, there is 

always an overlap between the target and current fragmentation 

regions which diminishes as If increases. The area lost from 

the current jet net charge distributions can be estimated by 

properly parametrizing the tail of the net charge distribution 

through the overlap. Assuming that the particle-particle 

correlations in the central region are of short range order, 

we are led tc a parametrization (l/N,,)d(N+-N-l/dy* * 

C axp(-AAy*), where the parameter I is related to the correla- 

tion length in the central region" and Ay*=(yf-y*mxI. Since 

the maximum rapidity interval available is prcqortional to 

lnW2, the contribution from the overlap is proportional to 
,-2x . 

We have estimated I = 0.5jO.l from our'data by plotting 

lnq> versus 1r.W. We note further that the rapidity distri- 

butions for the net charge in the highest energy pp- and np- 

experiments are well. parametrized with an exponential in the 

central rapidity region, (l/N,Jd(N+-N-l/d;= C exp(-0.54Ayf1.2' 

This result (1 = 0.54) indicates similar particle-particle 

correlation lengths in the pp- and rp- final states and our 

antineutrino induced hadron jrts in the central rapidity 

region. In Fig. 9, we show the jet net charge as a function 

of w -1 for our antineutrino and our neutrimcharged current events. 

Extrapolation of the jet ne t charge to infinite W gives 
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<Q> ;i = -(0.44f0.09) and <CPU = 0.5420.12 for the antineutrino 

and neutrino charged current events. respectively. As shown 

in Fig. 9, the prediction of our Monte Carlo model, vhich does 

not include the assumption of quark fragmentation, does not 

give the sane W-dependence for the average not charge as our 

antineutrino data. 

Our result for the overlap-free jet net charge in the anti- 

neutrino (neutrino) charged current induced jets measures the 

relative probability, p, o f finding either a u- or d-quark in 

the quark jet cascade:' <Q,' = -p (<Q>" = l-p). This proba- 

bility gives for the SU(3) symmetry violation in the foliation 

of q+pairs p,/p = 0.27f~'~~. In the same experiment, we have 

used the l?/n- ratio tn the entinetitrino charged current in- 

duced jets to obtain ps/p = 0.27 i 0.04 (Ref. 22). Cne should 

note that exact X(3) syrmnetry would imply p,/p = 1. Com- 

bining this result with the above net charge result we get 

p = 0.44+g~.os. F3r thq average .strangeness either in the u- 

or d-quark jets, this combined value of p gives <S> = 0.12'0.10. 

The K”/n- ratio alone as measured in this experiment would give 

p = 0.44?0.01 and <S> = 0.12+0.02, respectively. 

We compare our results with other estimates of the SU(3) 

sysmretry violation in the quark jets obtained froa published 

results of proton-proton and lepto-production experiments. 

From the K+/n+ - ratio in high energy proton-proton experi- 

meuts" extrapolated to the Feynman-x of one (to avoid 

resonance contrtbutionsl, we estimate p,/p * 0.50. 
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Another estimate of p,;p can be obtained, from the cross section 

.ratios (J/@+K+K*)/(J/+oa) corrected for phase space factors". 

The result p 'p = 0.49tO.11 implies p = 0.40+0.02. 
5’ 

An electzo- 

production experiment obtains for the ratio (R"+~")/(n++s-3 a 

value of 0.13+0.03 which t!! mtiurs interpret as the ratio p,/p 

(Ref. 25:: this value would mean considerably stronger W(3) 

syxmsetry violation in the quark jets. A jet net charge measure- 

ment in the same experiment, on the other hand, gives 

p,/p = 0.36 (Ref. 263, which is again consistent with our 

measurements. 

Field and Feynman have proposed an alternative Way Of 

distinguishing quark jets of different flavor.* There one 

weights each particle with a s-dependent weight such that 

particles closer to the overlab region get a small weight and 

particles with large fractional energy s (further from the over- 

lap region)get a large weight1 i.e., the weighted charge is 

defined as 0:'" = Zi@jrei, where r is a small number and ei 

is the integer charge of the ith hadron in the final state. 

Resulting distributions from our experiment are shown in 

Fig. 10 (Fig. 11) for antineutrino (neutrino) charged current 

events. To compare with the predictions which are calculated 

for 10 GeV quark jetc, we select center-of-mass energies above 

6 GeV. Corresponding predictions by Field and Feyumm are 

shown for the d- and u-quark jets with the two values of 

r, rs0.2 and r=O.S.' It is important to recognize that even 

though the Field and Feynman approach involves a parametrization 
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of (other) lepto-production data it gives predictions for the 

weighted charge which differ according to the flavor of the 

fragmenting quark. The average weighted cnarge values are 

given in Table 1 with the predictions. Experimental results 

for the weighted charge for antineutrino (neutrinol charged 

current events are consistent with the predictions for the 

d-quark (u-quark) jets but not with the predictions for the 

u-quark (d-quark) jets. 

We have considered possible effects caused by the use of 

a nuclear target in this experiment. Nuclear break-up products 

generally increase the visible net charge of the observed final 

state hadrons. Our selection criteria for the current frag- 

ments usually removes the slow secondary particles arising 

from the nuclear break-up, but it is expected that a anal1 

contamination from the nuclear fragments remains in our sample 

of events. To study these effects, we have selected a sample 

of events in which tba net visible charge of the final state 

hadrons, Qv, corresponds to the initial state charge within 

one unit, i.e., we select -2cQv<1. Effects of this selection 

on the measured jet net charge and on the measured weighted 

charge are surmnariaed in Table 2. No significant changes in 

these measured quantities are observed indicating a negligible 

contamination from nuclear break-up products. 

In terms of the quark-pgrton picture, any Bjorken-x 

dependence of the jet net charge , or the average weighted 

charge, at fixed center-of-mass energy, would reflect 
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contributions from the i-quark jets in antineutrinc-nucleon 

charged current interactions. In Fig. 12, we present the 

jet net charge and the average weighted charge (rx0.5) with 

the selection W>4GeV as a function of xS. L'sing the sea-quark 

density distribution obtained fran our data, we have calcu- 

la;ed the predicted xS- dependence of the jet net charge 

(average weighted charge] using the net charge (average 

weighted charge) values of -0.39 and -0.60 (-0.15 and -5.26) 

for tba d-&ark 2nd u-quark jets, respectively'. We then 

correct these predictions for the overlap between the target 

and current fragnentation regions by using the charge extra- 

polation result and the kinematical relation between xS, -qz 

and w2 (W2 = -q2 (lixg- 11 + r421, a.?? obtain the qualitative 

agreement with the experimental data (Pig. 12). In rig. 13a 

we have plotted the average jet net charge as a function of 

-q2, and in Fig. 13b the average weighted charge (~0.5) as a 

function of -q2 for the antineutrino charged current indused 

hadron jets. In these two figures, no xS- cut is applied. A 

decrease of the average jet net charge at high -q2 would again 

indicate contributions from the G-quark jets. A qualitative 

agreement with this expectation is observed. 

V. FACTORIZATION TEST 

In the quark-partcn model o f deep-inelastic scattering, 

the inclusive one-particle ctoss section is written asp a 
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product of the nucleon structure functions, fi(xB) and the 

quark-parton (pi) fragmentation functions, Dhlzl, 
Pi 

to a hadron 

h of fractional momntu? t, i.e., at the limit -q2+m 

d2u G'MS “f -c- h 
dxdz n t fi(",J Del(z) 

151 

where nf is the number of quark flavors (factorization 

hypothesis).' 

In the following we will check the validity of the 

factorization hypothesis in our antineutrino-nucleon chazged 

current interactions.. The advantage of using antineutrino 

(neutrino) data is that in antineutrino (neutrino) induced 

charged current interactions one effectively selects the 

initial fragmenting quark flavor to be down (up). Thus, the 

quark-by-quark factorization hypothesis applies to the whole 

cro*s section. Any residual xB -dependence in the fragmenta- 

tion function Di!z) would violate this hypothesis. 

We define the fragmentation function Di within a given 

-qz-interval in different intervals of 5, xBi, as fol1.0~~: 

1 dNtracks 
D;(*,-q$ si) = ze',pz 

where Ne,, and N tracks denote the number of events and tracks, 

respectively. The ratio 
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R = h 2 h 2 op(z.-¶~.xgi~,~'Dp(z'-lD'x w) 

where izj, shtxld then show deviation from a constant value 

if the factorization hypothesis is violated. 

The inclusive one-particle distributions in the current 

fragmentation reqisn are corrected for the energy smearing 

by our Honte Carlo model described earlier by calculating 

the energy de-smearing functions, i.e., the ratios 

(dN/dz 1 unsmear&d,~dN,dz,smeared. The correction varies be- 

tween 5% at small t-values and 158 at large z. The energy 

de-smearing functions, as calculated by the Monte Carlo 

program, for the ratios R in different xR-regions are shown 

in Fig. 14. 

Protons having momentum greater than 1 GeV/c are not 

identified: they are treated as pions. Presence of these 

misidentified protons, due to the Lorentz-transformation to 

the hadron‘bentet-af-mass system, causes a shift of the 

inclusive c.m.s spectrum towards the forward c.m.s hemisphere. 

We have investigated effects of these misidentified protons 

in the fractional energy distributions of the positively 

charged hadrons by using the lambda-hyperons observed in this 

experiment". The total contribution from the protons in the 

current fragmentation region was found to be (lSf313. We 

emphasize that the selection W3 GeV is applied to minimize 
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the overlap between the target and current fragments and to 

suppress the quasi-elastic channels which generate -q2 - and 

xg-dependences. 

Fig. 15s shozrs ratio R plotted with 3~ -qi ~10 GeV2/c2 

for average values of xg: 
-B1 

> = 0.1 (0.01~xBl~0.20) and 

<XB2> = 0.2 (0.1<Xg2C0.3). No factorization violation is 

observed in the region where one can safely speak about the 

current fragmeuts (00.2). The facto+zation property of the 

inclusive one-particle cross section is fqrther demonstrated 

in Figures 15b and 15~ where different average xg-values are 

chosen. Our results for the one-particle distributions show 

no significant xB-dependence. 

Recent data for fhe moments of the non-singlet fragmen- 

tation functions Dr = D h+ -Dh- 
P 

p f in a neutrino-proton experi- 

ment ars claimed to show perturbative QCD predicted 

factorization violation already at presently available neutrino 

energies". However. our jet net charge results, which are 

related to 9Ns-functions by CQ> = EhehIdr(D h+ 
P 

- &) al 
P 

I: e h h' rdtDr(z), where ah is the (integer) charge of hadron h 

in the jet, show the quai-k-parton model predicted xB and -q2 

depem and dq not show perturbative QCLl affects: We 

remark that the moment method results are effected by energy 

smearing which causes maximum uncertainty at high z which are 

strongly weighted by the higher s moments. 
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VI. SUPLWY 

In agreement with the quark fragmentation picture, we 

have found evidence for d-quark jets (u-quark jets) in anti- 

neutrino (neutrinol charged current interactions. The 

probability of finding a u- or d-quark in the quark jet 

cascade was measured to be 0.4420.05. No significant 

s-dependence was seen in the single-particle distributions 

in the hntincutrino induced jets. 
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TABLE CAPTIONS 

1. Average net charge CQ, G , <Q,' and average weighted charge 

<%a', <Q,>’ of the hadrons traveling f&ward in the 

hadronic caker-of-mss systminantineutrimardneutrixaucl~ 

charged current interactions. The average weighted,charge 

results are given for two different values of the weight 

r, r-0.2 and r=O.S. Predictions from Ref. 6 are also 

shown. 

2. Average net charge <Q>' and average weighted charge <Qw> ; 

of the hadrons traveling fomatd in tk h&sonic center-of- SyStsn 

in antineutrino charged current interactions for~different 

total visible hadronic charge Q, selections in an event. 

Results obtained with two independent energy reconstruction 

procedures are shown. 
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TABLE 1 

3 
Antineutrinos <Q' ; cQwa r=O.Z <QwY r=O.S 

;,,N + u+hf -(0.44f0.09) -(0.24+0.03) -(0.14fO.O2) 

Prediction' -0.39 -0.25 -0.15 

Neutrinos <Q? ,sZ r=O.Z <Qw,v r=o.s 

v,,N + u-h' 0.54+‘0.12 0.42-+0.04 0.27tO.03 

Prediction' 0.60 0.39 0.26 
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TABLE 2 

Average energy correction 

No Q, Sel. 1 -2SQ"Sl 

-(0.42'0.09) -(0.44t0.09) 

-(0.20f0.03) -(0.24tO.04) T - 

Event-by-event energy corr. I 
No Q, Sel. 

-(0.44t0.08) 

-(0.22?0.03) -(0.25+0.04) 
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FIGURE CAPTIONS 

Fig. 1: Fefinition of the variable pt discussed in the text 

and the pt distributions for (a) the final state had- 

rons and (b) EHI-identified muons. 

Fig. 2: EMI- snd BIGPT-efficiencies for the identification of 

(a) positively and (b) negatively charged muons as a 

function of the muon momentum. 

Fig. 3: (a) Antineutrino energy, spectrum and (b) neutrino 

energy spectrum as obtafned from the reconstructed 

e?ent energies. 

Fig. 4: Rapidity distribution of the hadrons resulting from 

the quark fragmentation process divided into! Target 

fragmentation region (I), Target plateau (111, Role 

fragmantation region (III), Current plateau (IV), and 

Quark fragmentation region (VI.. 

Fig. 5r Rapidity distributions of charged hadrons produced in 

antineutrino - nucleon.charged current interactions 

in three separate center-of-mass energy fntervalsr 

(a) 3GW4 GeV, (b) 4<wcS GeV and (c) 6<W<15 GeV. 

Fig. 6: Sea-quark dcnmity distribution measured in this 

experimnt: (i(x) t 6(x))/(q(x) + s(x)1 is the total 

contribution of sea quarks as compared to valence 

quarks in a nucleon. 

Fig. 7: Schematic illustration of the origin of the quantum 

number leakage in (a) meson production and (b) in 
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Fig. 8: 

Fig. 9: 

baryon production. The dashed line represents a physical 

selection of the current fragments. 

The net charge of the hadrons produced in ;,,N charged 

current interactions as a function of the center-of-ems 

rapidity in three different N-intervals: 3WCQ Gev. 

4<N<6 GeV, and 6Wxl5 GeV. 

Average net charge of the hadrons traveling forward 

in the hadronic ceuter-af-mss sysWm as a fuhcti~ of W -1. lb5 

dashed line represents alinesr fit to the data points at=zm 

ii- 3 Gev. The shaded area' is a prediction obtained 

from the Nonts Carlo program which does not include 

the hypothesis of quark fragmentation. 

Fig. 10: Weighted charge Q>Ti;F$rei for the antineutrino 

charged current induced hadrons traveling forward in 

the hzbxmic center-ofirlass systm (a) for r-0.2, axxd 0) for Fo.5. 

The solid curVe% represent the Field and Feynman pre- 

dictions for the hadrons arising from the fragmentation 

of a u-quark with 10 G%V/c incident momentum and the 

dashed lines the corresponding predictions for the 

10 GeV/c d-quark jets. 

Fig. 11: Weighted charge +tifs$ei for the nautrino charged 

current induced hadrons traveling forward in the 

hadronic cen*afm systm (a) for r=!3.2, srd (b) for ~0.5. Ihe 

solid curves represent the Field and Feynman predic- 

tions for the 10 G&J/c u-quark jets and the dashed 

lines the corresponding predictions for the 10 GeV/c 

d-quark jets. 
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Fig. 12a: Average net chargc of the antineutrino charged 

current induced jets as a function of Bjorken-w, 

XB = -q2/2Mv. The dashed line represents the prc- 

diction described in the text. The solid line 

represents the prediction corrected for the overlap. 

Fig. 12b: Average weighted charge (r-0.5) of the antineutrino 

charged current induced jets as a function of 

Bjorken-x. The dashed line represents the predic- 

-tion described in the text. The solid line 

represents the prediction corrected for the overlap. 

Fig. 13a: Average net charge of the antineutrino charged 

current induced jets as a function of -q2. 

Fig. 13b: Average weighted charge (r-0.5)~ of the antineutriao 

charged current induced jets es a function of -q2. 

Fig. 14: De-smearing functions for the ratios R (defined in 

the text) between the fragmentation functions 

evaluated in different Bjorken-x intervals: 

(a) O.Ol< xBl< 0.20, 0.1 <xB2< 0.3. 

(b) 0.01~ 51' 0.20, xB2>0.2. end 

(c) 0.1 <xBl< 0.3, ~~~~0.2. The selection in -q2 

is for e. b and c, 3 c-q2 <lO GeV2/c2. 

Fig. 15: Experimental results for the ratios R (defined in 

the text) between the fragmentation functions 

evaluated in different Bjorken-x intervals: 

(a) 0.01x YBl< 0.20, O.l< XB2< 0.3, 

(bl 0.01~ xBl c 0.2, xB2 >0.2, and 
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(c) 0.1 <xB1< 0.3, xg2>0.2. The selection in -q2 

is for a. b, and c, 3 c-q2 <IO GeV2/c2. 
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